Abstract. It remains unclear whether elderly patients (EPs) with advanced gastric cancer (AGC) benefit from chemotherapy. The aim of the present study was to examine the prognostic factors for EPs with AGC in order to generate a prognosis-predicting scoring system. This single-center retrospective study examined consecutive patients with AGC between April 2012 and July 2017. Risk factors for survival in EPs aged ≥75 years were identified using a Cox proportional hazards model, and a prognostic scoring system was generated and retrospectively evaluated to determine its usefulness for predicting patient prognosis. A total of 61 patients were enrolled as EPs (mean age, 81 years) and compared with 80 non-EPs (mean age, 66 years). The median survival time (MST) was significantly longer for non-EPs compared with that for EPs (3.8 vs. 10.1 months, respectively; P= 0.0447). Among the EPs, 29 (48%) received chemotherapy and 32 received best supportive care (BSC). A total of 68 non-EPs (85%) received chemotherapy and 12 non-EPs received BSC. Among EPs with AGC, age-adjusted multivariate analysis revealed that performance status (PS), neutrophil/lymphocyte ratio (NLR)<4, intestinal-type histology and chemotherapy were significant prognostic factors. To predict EPs too frail for chemotherapy prior to treatment, one point was assigned for a PS of 1, diffuse-type histology and NLR≥4, whereas 2 points were assigned for PS≥2, and the point totals for each patient were calculated. A cut-off point of 2 had the best P-value by the log-rank test and was used to divide the patients into low-risk (LoR: Score 0-1) and high-risk (HiR: Score 2-4) groups. The MST of the LoR and HiR groups was 23.6 and 3.6 months, respectively (P<0.001). As regards treatment strategies and risk groups, the LoR chemotherapy group had the best prognosis (P= 0.0010), and LoR EPs who were administered chemotherapy had a longer MST (30.3 months) compared with EPs who received BSC (8.7 months). In conclusion, scoring systems using PS, histology and NLR may be useful when considering chemotherapy in EPs with AGC.
Introduction
Gastric cancer is the fifth most common type of cancer (1) and the third most common cause of cancer-related mortality worldwide (2) . The majority of patients with gastric cancer are diagnosed between their late 60s and 80s. Consequently, the number of elderly patients (EPs) with advanced gastric cancer (AGC) has increased as a result of population aging and prolonged life expectancy; therefore, most AGC patients are elderly. Regarding treatment benefit for patients with AGC, a meta-analysis of overall survival (OS) in 35 clinical trials including a total of 5,726 patients revealed that chemotherapy significantly improved survival compared with best supportive care (BSC) [hazard ratio (HR)=0.37; 95% confidence interval (CI): 0.24-0.55] (3). However, EPs (aged ≥75 years) often have multiple chronic medical conditions and develop adverse events induced by chemotherapy, as these individuals are frailer compared with younger patients with AGC. Consequently, EPs are usually excluded from the indications or are not considered to be suitable for chemotherapy to narrow the target when evaluating the efficacy and adverse events of chemotherapy in most clinical trials for AGC. Therefore, in practice, there is little evidence on whether EPs with AGC can tolerate chemotherapy and whether chemotherapy is beneficial in terms of survival.
The chemotherapy indications for EPs with AGC primarily depend on performance status (PS) and comorbidities. The attending physician subjectively decides upon the treatment strategy (chemotherapy vs. BSC) based on patient information rather than objective criteria. Therefore, it is difficult to distinguish between fit and frail EPs prior to treatment. The host's systemic inflammatory response (SIR) has recently emerged as a critical factor based on objective information on tumor progression (4) . SIR includes common inflammation-based prognostic scores, such as C-reactive protein (CRP) (5) ; the Glasgow Prognostic Score (GPS) (6) , which includes CRP and albumin; and the neutrophil/lymphocyte ratio (NLR) (7) . Previous studies have revealed that SIR is associated with poor outcome in several types of cancer (8) . However, whether SIR is useful for distinguishing between fit and frail EPs for chemotherapy remains unclear. Therefore, we hypothesized that scoring based on a combination of several SIR markers and other background characteristics on initial evaluation may predict the lifetime survival benefit for EPs with AGC, and help identify EPs who are likely to benefit from chemotherapy. In the present study, prognostic factors for EPs with AGC were examined to generate a prognostic scoring system to predict EPs who may be too frail for chemotherapy prior to treatment, and a subset from this scoring system was retrospectively evaluated to help predict prognosis or decide on treatment strategies.
Patients and methods
Patients. The present study was a single-center retrospective study including consecutive patients with AGC at Toyonaka Municipal Hospital (Toyonaka, Japan) between April 2012 and July 2017. During the study period, 173 patients diagnosed with AGC without surgical indication visited our department. Patients with surgically resectable disease were excluded and all patients enrolled had clinically confirmed evidence of metastatic lesions or unresectable factors. Patients who received chemotherapy were evaluated for the best response according to the Response Evaluation Criteria in Solid Tumors (version 1.1) and treatment toxicity according to the National Cancer Institute Common Terminology Criteria for Adverse Events (version 3.0). The present study was conducted in accordance with the principles outlined in the Declaration of Helsinki, and approval was obtained from the Institutional Review Board. This was a retrospective study involving human data that were previously collected and did not require the additional recruitment of human subjects; thus, the need for informed consent was waived via the opt-out method on our hospital website.
Treatment strategy and follow-up. The treatment strategy (chemotherapy or BSC) was decided by the attending physician according to the patient's background. The patients were routinely followed-up, including physical examination, laboratory testing, dynamic computed tomography scanning and esophagogastroduodenoscopy. If BSC was decided for a patient on initial evaluation, their physician was subsequently contacted to request follow-up information or investigate census registries. The latest follow-up was in August 2017. OS was calculated from the date of initial clinical diagnosis of AGC until death or the last available follow-up prior to death from any cause. Surviving patients were censored on their last follow-up date. (9) . Clinical course was also investigated, including chemotherapy agent and mean relative dose intensity (RDI), best response under chemotherapy, subsequent therapies and survival status. The RDI was defined as the ratio of the delivered dose intensity of each chemotherapy drug to the standard (referenced) dose intensity in the regimen. In the present study, RDI was evaluated during the planned first course of the first-line chemotherapy. The mean RDI was calculated as the mean percentage of RDI for all drugs in the first-line regimen.
Statistical analysis and prognostic scoring system. Median and range are reported for continuous variables. Categorical variables are summarized as frequency (percentage). Differences in variables were evaluated using the Wilcoxon signed-rank test or χ 2 test. OS was estimated using the Kaplan-Meier method and compared using the log-rank test. HR and CI were estimated for OS.
Prognostic factors for survival in EPs were examined at the time of diagnosis of AGC via univariate and multivariate analyses using a Cox proportional hazards model. Subsequently, significant prognostic factors were identified and then clinical thresholds were set based on the best log-rank P-value. One point was assigned for each significant factor and the sum of the total points was calculated. Next, the best cut-off point to predict prognosis was evaluated. Finally, a prognostic scoring system was generated and the cut-off point was set.
All reported P-values are two-sided, and P<0.05 is considered to indicate statistically significant differences. Statistical analyses were performed using JMP statistical software (version 13.1. 0, SAS Institute Inc., Cary, NC, USA).
Results

Patient characteristics.
Of 173 patients with AGC, 143 had clinically confirmed evidence of unresectability or recurrence. Ultimately, 141 patients were enrolled in the present study, as 2 patients were treated at another hospital after diagnosis. The patient characteristics are summarized in Table I . S-1 plus cisplatin has been recommended as a standard treatment for AGC in Japan (10) based on the SPIRITS trial (11) . The SPIRITS trial, however, was conducted with patients aged <75 years. For that reason, to evaluate the benefit of chemotherapy in EPs with AGC aged ≥75 years, they were compared with non-EPs aged <75 years during the same study period. A total of 61 EPs [39 men; mean age, 81 years (range, 75-93 years)] and 80 non-EPs [59 men; mean age, 66 years (range, 36-74 years)] as a control group were enrolled in the present study. Of those patients, 29 EPs (48%) and 68 non-EPs (85%) received chemotherapy, whereas 32 EPs and 12 non-EPs received BSC based on the judgement of their attending physician. The reasons for BSC included the patient's wish (n=12), poor PS (n=9), advanced age (n=6), dementia (n=2) and others (n=3) for Eps, and poor PS (n=9), patient's wish (n=1) and others (n=2) for non-EPs.
A total of 53 EPs (87%) and 73 non-EPs (91%) had a target lesion. The median follow-up period was 187 days (range, 8-2,728 days). During the follow-up period, there were a total of 119 deaths. The causes of death included cancer [n=50 (chemotherapy, n=23 and BSC: n=27)] and treatment-related complications (n=1) for EPs, and cancer [n=65 (chemotherapy, n=55 and BSC, n=10), treatment-related complications (n=2) and other causes [n=1 (chemotherapy, n=1 and BSC, n=0)] for non-EPs. Table I . Characteristics of elderly patients and non-elderly patients with advanced gastric cancer.
Elderly patients, total no.
Non-elderly patients, total no. The Charlson Comorbidity index encompasses 19 medical conditions weighted 1-6 with total scores ranging from 0 to 37. b For each condition, the scores reflected the risk as follows: 0, low; 1-2, medium; 3-4, high; and ≥5, very high risk. CT, chemotherapy; BSC, best supportive care; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; NLR, neutrophil/lymphocyte ratio; PS, performance status; CEA, carcinoembryonic antigen; CA19-9, cancer antigen 19-9. Chronic kidney disease was defined as an eGFR <60 ml/min. OS. The OS data for EPs and non-EPs are plotted in Fig. 1A . The median survival time (MST) of non-EPs was significantly longer compared with that of EPs (10.1 vs. 3.8 months, respectively; P= 0.0447); however, longer survival curves appeared to overlap 2 years after the initial diagnosis (Fig. 1A) .
The survival curves grouped by age, with or without chemotherapy, are shown in Fig. 1B . There was a highly significant difference in OS between chemotherapy and BSC in non-EPs (10.8 vs. 1.6 months, respectively; P<0.0001), as well as in EPs (6.6 vs. 2.8 months, respectively; P= 0.0069). There was, however, a smaller lifetime survival benefit in EPs compared with that in non-EPs.
Efficacy, toxicity and feasibility of chemotherapy in EPs with
AGC. The details of the chemotherapy regimen are shown in Table II . Among EPs who were administered chemotherapy, the response rate (RR) was 17%, which was similar to that of non-EPs (21%). The disease control rate (DCR) was lower in EPs compared with that in non-EPs (51 vs. 71%, respectively), but this difference was not statistically significant. The median average RDI in EPs was 90% (mean average RDI: 80%). Among EPs treated with chemotherapy, second-line treatment was administered to 7 patients, which was a significantly lower percentage compared with that among non-EPs (24 vs. 68%, respectively; P<0.0001).
Among patients who received chemotherapy, all toxicity grades were observed in 22 patients (81%), and grade >3 toxicity was observed in 6 patients (22%) ( Table III) . Of those patients, 2 continued the same regimen after dose reduction, but the remaining patients discontinued the first chemotherapy treatment as a result of grade 4 neutropenia or grade 3 fatigue, acneiform rash, palmar-plantar erythrodysesthesia syndrome or nausea. Finally, 6 patients (22%) discontinued the first chemotherapy treatment as a result of treatment failure; 1 patient succumbed to febrile neutropenia.
Prognostic factors and scoring system in EPs with AGC.
The mean CRP level in EPs was 2.5±3.4 mg/dl, with a median of 0.69 mg/dl (range, 0-13.7 mg/dl). The log-rank P-values calculated for the CRP level were P= 0.3053 (<0.5 vs. ≥0.5 mg/dl), P= 0.3014 (<1 vs. ≥1 mg/dl) and P= 0.9347 (<1.5 vs. ≥1.5 mg/dl). The mean albumin level in EPs was 3.0±0.6 g/dl, with a median of 3 g/dl (range, 1.5-4.1 g/dl). The log-rank P-values calculated for albumin were P= 0.5548 (<2.5 vs. ≥2.5 g/dl), P= 0.040 (<3 vs. ≥3 g/dl) and P= 0.5662 (<3.5 vs. ≥3.5 g/dl). The mean NLR in EPs was 7.4±8.5, with a median of 4.3 (range, 1.2-46.5). The log-rank P-values calculated for NLR were P= 0.2447 (<3.5 vs. ≥3.5), P= 0.0374 (<4 vs. ≥4) and P= 0.1586 (<4.5 vs. ≥4.5). Based on the cut-off P-values for CRP, albumin and NLR, optimal cut-off levels of 1 mg/dl, 3.0 g/dl and 4, respectively, were determined. Subsequently, a univariate analysis was performed to identify significant prognostic factors. The results revealed that the following factors were significantly associated with better prognosis (Table IV) : PS 0 or 1, intestinal-type histology, albumin level ≥3 g/dl, CRP level <1 mg/dl, NLR<4, (Table IV) . To predict EPs too frail for chemotherapy prior to treatment, 1 point was assigned for PS of 1, diffuse-type histology and NLR≥4, and 2 points for PS≥2, except for treatment strategy (Table V) , and the sum of the total points for each patient was calculated as the score. Subsequently, 6 patients (10%) with a total score of 0, 10 patients (17%) with a score of 1, 22 patients (37%) with a score of 2, 15 patients (25%) with a score of 3 and 4 patients (12%) with a score of 4 were identified (Table IV) . The survival curves for each score were well-separated ( Fig. 2A) . The mean total score among EPs was 2.1±1.1 (median, 2). The log-rank P-values calculated for the total score were P= 0.0016 (0 vs. ≥1, HR= 0.21), P<0.0001 (0-1 vs. 2-4, HR= 0.21) and P<0.0001 (0-2 vs. 3-4, HR= 0.23). Therefore, a cut-off point of 2 was set (total score 0-1 vs. 2-4). EPs with a total score of 2-4 were classified as the high-risk (HiR) group (n=44; chemotherapy, n=17 and BSC, n=27), and the remaining patients were classified as the low-risk (LoR) group (n=16; chemotherapy, n=11 and BSC, n=5). Among Table III . Toxicities in elderly patients with advanced gastric cancer receiving chemotherapy. Similarly, non-EPs with a total score of 2-4 were classified as the HiR group (n=57; chemotherapy, n=46 and BSC, n=11), and the remaining patients were classified as the LoR group (n=20; chemotherapy, n=20 and BSC, n=0). The MST was significantly longer in the LoR compared with that in the HiR group (7.6 vs. 21.4 months, respectively; P= 0.0016), which was similar to the results for non-EPs. In contrast to EPs, the HiR-chemotherapy non-EPs had a significantly longer MST Table IV . Prognostic factors for overall survival in elderly patients with advanced gastric cancer based on the univariate analysis and on the multivariate analysis adjusted by age.
Univariate analysis
Multivariate analysis adjusted by age compared with the HiR-BSC non-EPs (8.1 vs. 1.7 months, respectively; P<0.0001).
Discussion
The populations of industrial countries, including Japan, are aging rapidly. Although >60% of patients with newly developed cancer and >70% of cancer fatalities are reported in elderly populations in the United States and Europe (12) , EPs are generally under-represented in clinical trials (13, 14) . Two retrospective analyses of clinical trials involving patients with solid tumors suggested that older age does not necessarily diminish the tolerance or response to chemotherapy (15) ; however, there is little evidence on the benefit of chemotherapy for EPs with cancer. The majority of patients with gastric cancer are diagnosed between their late 60s and 80s. The SPIRITS trial showed an advantage for S-1, an oral FU antitumor drug, combined with cisplatin for the first-line treatment of AGC (11) . Consequently, S-1 plus cisplatin was recommended as a standard treatment for AGC in Japan (10), although S-1 plus cisplatin was not found to be superior to 5-FU plus cisplatin in a global randomized trial conducted outside Japan (FLAGS) (16) . The SPIRITS trial, however, included patients aged <75 years. In previous phase II studies, Koizumi et al (17) and Imamura et al (18) demonstrated that S-1 monotherapy was safe and efficacious for EPs with AGC. These two trials were conducted with 33 and 35 AGC patients, respectively, aged >75 years, and they reported RRs of 21 and 14%, respectively, and a median OS of 15.7 and 14.6 months, respectively. Regarding adverse events, anemia and anorexia were predominantly observed, but no treatment-related deaths occurred. In the SPIRITS trial, the median OS in younger patients receiving S-1 monotherapy was 11.0 months, which was shorter compared with that in the abovementioned studies in EPs. This finding reflects the enrollment of only selected EPs who were considered fit for chemotherapy in both studies.
Several recent studies have demonstrated that SIR is associated with prognosis in various types of cancer (5, 6, 8) . Previous studies have reported that albumin, CRP and NLR are important prognostic factors in patients with gastric cancer and other types of cancer (19) (20) (21) . In the present study, we proposed a scoring system using 3 factors, namely PS, histological type and NLR, identified as significant in a multivariate analysis including SIR. This scoring system separated EPs who may benefit more from chemotherapy from those who may benefit less. In brief, MST was longer in EPs treated with chemotherapy in the LoR compared with those treated with chemotherapy in the HiR group. However, a clinically relevant chemotherapy benefit was not observed for EPs in the HiR group, as survival with chemotherapy was only prolonged from 2.4 to 4.2 months (Fig. 2B) . Based on these results, this scoring system may be valuable for selecting EPs fit for chemotherapy, and risk factors should be taken into consideration when determining the indications for chemotherapy for EPs with AGC.
Several studies have reported the clinicopathological characteristics of EPs with gastric cancer. Arai et al (22) , reported that differentiated-type adenocarcinoma accounted for 50% of advanced cancers among 994 Japanese patients aged ≥65 years. The proportion of differentiated-type carcinoma increased significantly with advancing age in female patients with advanced cancer, but no significant change was observed in male patients with advanced cancer. Other reports (23, 24) have also found an increased proportion of differentiated-type carcinoma with increasing age. Mizoe et al (25) , reported higher 5-and 10-year survival rates in patients with differentiated-type gastric cancer compared with patients with the undifferentiated type; the authors hypothesized that this difference may be due to the rapid tumor growth of undifferentiated-type cancer.
The present study has several limitations due to its retrospective nature. First, the number of patients at a single institute was small, and the patient sample was divided into two groups using 75 years as the cut-off age, as most clinical trials have been conducted with patients aged <75 years. Consequently, the age for non-EPs ranged from 36 to 74 years, with a wider distribution compared with that for EPs. Second, the treatment strategy or regimen relied upon the physician's decision; however, a strength of the present study was the evaluation of prognostic factors in patients, including non-EPs or patients receiving BSC with poor PS, compared with those receiving chemotherapy in the real world, rather than in a clinical trial, during the same period in the same hospital. Moreover, the present study identified potential EPs who may benefit from chemotherapy. Third, a common cut-off value for SIR has not been established. Several cut-off values are used for CRP and NLR, and these values are not consistent, even for the same type of cancer (26, 27) . In the present study, optimal cut-off levels were set for CRP (1 mg/dl), albumin (3.0 g/dl) and NLR (4). Zhang et al (19) , evaluated whether NLR was a useful prognostic factor in patients with gastric cancer using a meta-analysis; the results of a subgroup analysis of previous studies demonstrated that the prognostic value of NLR was not substantially affected by the cut-off value. In the present study, that NLR was found to be of significant prognostic value in EPs. It may also be useful to consider NLR when determining indications for chemotherapy in frail patients with AGC. Finally, the screening tools for EPs were not sufficiently evaluated, although no significant factors were found based on the Charlson Comorbidity Index. The optimal screening tools for EPs have not yet been established. However, Decoster et al (28) conducted a systematic review based on 17 different screening tools in EPs, and concluded that G8 was the best screening tool due to its high sensitivity with acceptable specificity and prognostic value for predicting outcome measures. In the present study, the G8 health status scores were not routinely evaluated during the study period.
In the future, however, the scoring system must be verified in a validation cohort compared with G8. Additionally, we did not evaluate quality of life (QOL) in this elderly population. Although chemotherapy is often used to improve QOL for patients with end-stage cancer, slightly extending the MST with chemotherapy must be weighed against QOL in HiR EPs.
In conclusion, the lifetime survival benefit from chemotherapy was found to be greater in non-EPs compared with that in EPs with AGC. However, EPs with AGC who were placed in the LoR group by the scoring system had reasonable OS compared with non-EPs with AGC. Therefore, EPs with AGC in the HiR group should be evaluated individually and receive special attention in order to determine the indications for chemotherapy.
